COGNITIVE ASPECTS
The cognitive aspects of ERCP are important and include an understanding of the indications for and contraindications to the procedure, the appropriateness of different diagnostic and therapeutic modalities in the management of obstructing and nonobstructing pancreaticobiliary ductal lesions (benign or malignant), informed consent, sedation, and reporting and documentation. The practitioner should be able to interpret the findings, implement an appropriate management plan and manage any complications that might arise during and after the procedure. Understanding the risks and benefits of ERCP in certain patient groups, as well as alternative investigations (including their limitations and complications) such as computed tomography, magnetic resonance cholangiopancreatography (MRCP) and endoscopic ultrasound (EUS) is paramount for adequate management of patients with hepatobiliary and pancreatic disorders (2) (3) (4) . For difficult cases, this usually involves a multidisciplinary approach, in which both surgical and radiological expertise can be obtained.
Appropriate indications
When first developed, ERCP was primarily a diagnostic technique. Subsequently, the development of noninvasive or less invasive techniques (computed tomography, MRCP, contrast ultrasound and EUS) for imaging the pancreaticobiliary system, with accuracy comparable with that of ERCP, has modified the indications for ERCP, such that it is now predominantly a therapeutic technique (2, 3) .
CURRENT ENDOSCOPIC PRACTICES -THE EXPERTS SPEAK
©2008 Pulsus Group Inc. All rights reserved
Dr Jonathon Springer
Knowledge of appropriate indications and contraindications is essential (5-7). ERCP is most commonly used for the management of cholangitis, bile duct stones, pancreatic and biliary strictures, leaks, tumours, pancreatic stones and pseudocysts, although, it remains applicable in other pancreaticobiliary conditions. The American Society for Gastrointestinal Endoscopy has defined a list of appropriate indications for ERCP (Table 1) (5, 6) , and has recommended that an indication should be documented for each procedure and that there should be written justification if ERCP is performed for a nonstandard indication (6) .
TECHNICAL ASPECTS
Technical skills Minimum number of procedures: The number of procedures completed during training is, currently, the only objective measure available to assess competence and, subsequently, to evaluate maintenance of competence to perform ERCP. While other measures, such as cannulation rates and complication rates, are important, there are few objective mechanisms to assess these parameters. The most recent guidelines approved by the Society of American Gastrointestinal and Endoscopic Surgeons eschew specific numbers (7) but, in the absence of other metrics, most guidelines recommend that a minimum number of procedures should be completed as a basis for assessing a trainee's competence. The previous CAG guidelines, published in 1997 (8) , recommended at least 180 procedures; however, the practice of ERCP has undergone extensive changes over the past decade. The American Society for Gastrointestinal Endoscopy recommends that at least 200 ERCPs, including 40 sphincterotomies and 10 stent placements, be performed before competence can be assessed (9) . The Gastroenterological Society of Australia (10) also recommends at least 200 unassisted and complete ERCPs. However, this group recommends a minimum of 80 supervised, but independently performed, sphincterotomies, and the placement of a minimum of 60 stents and/or nasobiliary drains.
A study (11) of 17 gastroenterology fellows at various stages of training during 1796 consecutive ERCPs, found that fellows achieved overall competence after completing 180 to 200 ERCPs. However, subsequent studies (12, 13) have reported that success rates of over 80% for deep biliary cannulation might not be achieved until trainees have performed more than 300 to 400 procedures. An analysis (14) of outcomes, based on endoscopists' experience, found that learning endoscopic sphincterotomy techniques required a minimum of 40 procedures, but the complication rate decreased further after 100 procedures.
Performance of a specific, predefined number of procedures does not guarantee competence in ERCP, and a practitioner's technical competence should be assessed on an individual basis. Indeed, a recent review (15) has proposed that interested trainees who have proven endoscopic competence should be selected for specialist training in ERCP and EUS only after an assessment period during which 50 to 100 ERCPs are performed. Subsequent assessment should encompass not only the number of supervised procedures completed without assistance but also other standardized metrics (16, 17) including, for example, single-operator learning curves for deep biliary cannulation (12, 18) .
Success rates
Cannulation rates: Cannulation of the duct of interest is the foundation for successful diagnostic and therapeutic ERCP. Successful cannulation may help to avoid the need for a second ERCP or percutaneous transhepatic cholangiography to complete the assessment.
Competent endoscopists should have successful cannulation rates of at least 80% to 85% (6, 8) . In clinical series, successful cannulation rates of 95% or higher have been consistently achieved by experienced endoscopists (19) , and success rates of at least 80% are the goal of training programs in ERCP (20, 21) , although higher rates of 85% or 90% have been endorsed (22) or recommended (15, 23) . It has been demonstrated that endoscopists who perform more than two sphincterotomies per week have higher cannulation rates of the biliary tree (24) . A study (22) among surgery fellows found that those without previous endoscopic experience required 148 cases to reach an 85% success rate for cannulation. However, the implication that this is an appropriate threshold for surgery fellows or, indeed, for any ERCP trainee, has been challenged (25) . Furthermore, the notion that the completion of 200 procedures constitutes a reasonable threshold for achieving competence may be unrealistic in light of a survey of ERCP practice in the United Kingdom, which reported a cannulation rate of only 66% among senior trainees who had completed more than 200 ERCPs (13) . Therapeutic interventions: The most common procedures performed during ERCP are stone extraction, relief of biliary obstruction and stent placement for bile leaks. These procedures should be achievable in at least 85% of cases (6). Bile duct clearance rates for all bile duct stones as high as 99% have been reported in some expert endoscopy centres (26) . It is expected that a competent ERCP endoscopist should achieve bile duct clearance in at least 85% of cases through the use of sphincterotomy and balloon or basket stone extraction, and in more than 90% of cases with the use of mechanical lithotripsy when necessary (6) .
Indications for placement of a biliary stent to treat an obstruction below the bifurcation include pancreatic cancer, nonextractable or large common bile duct stones and benign strictures (chronic pancreatitis, after biliary surgery) (6) . A competent ERCP endoscopist should be able to place a biliary stent for the relief of nonhilar biliary obstruction in more than 80% to 90% of patients (16) .
Complication rates ERCP is generally regarded as one of the most complicated of endoscopic procedures, with morbidity and mortality rates of 5% to 10% and 0.1% to 1%, respectively (5, 24) . Recently, some studies (27) (28) (29) have suggested that morbidity can be minimized by the appropriate use of ERCP performed by skilled advanced endoscopists, in appropriate patients, using adapted equipment. An analysis (14) of outcomes of sphincterotomy found that endoscopists with a case frequency of more than 40 procedures per year had a significantly lower complication rate than those with a lower case frequency. Another study (30) reported a lower complication rate among endoscopists who performed more than one sphincterotomy per week than among those who performed fewer than this.
The incidence of complications such as pancreatitis and postsphincterotomy bleeding, recorded by an individual endoscopist, should be comparable with those reported in the literature. Complication rates of up to 10% of patients have been demonstrated in multicentre trials (30) . The major complications associated with ERCP are pancreatitis, postsphincterotomy hemorrhage, infectious complications (eg, cholangitis, cholecystitis and infection of pancreatic fluid collections) and perforation (6, 31) .
The rate of ERCP-induced pancreatitis is generally reported to be approximately 1% to 7% (30) (31) (32) . Patient selection and physician experience (24, 33) are critical aspects in minimizing complications and maximizing procedural success. Patient factors associated with a greater risk of pancreatitis include a history of post-ERCP pancreatitis, female sex, suspected sphincter of Oddi dysfunction and the absence of chronic pancreatitis (24, 33) . There has been little evidence that case volume is a factor in determining postprocedural pancreatitis rates, but it has been proposed that few endoscopists perform sufficient numbers of procedures to demonstrate a further reduction in complication rates, compared with those who perform less than one case per week (29) .
The expected rate of major postsphincterotomy bleeding is approximately 2% (6, 30, 32) . Risk factors for postsphincterotomy bleeding include the presence of hemodialysis, bleeding at the time of the sphincterotomy, active cholangitis, abnormal coagulation status and low endoscopist case volume (less than one case per week) (30, 34) . In addition, the risk of postprocedural bleeding is higher when an ampullectomy (35) or transmural pseudocyst drainage (36) is performed.
Cholangitis has been reported in 1% or fewer and cholecystitis in 0.2% to 0.5% of ERCP procedures (6, 31) , while the overall incidence of perforation has been reported to be less than 1% in patients with normal anatomy (6, 32) . The use of pancreatic stents to prevent pancreatitis and avoidance of precut sphincterotomy (ie, more skilled at selective cannulation) are two newer methods that might decrease risk, yet add complexity to the case (27, 29) .
TRAINING
Successful performance of ERCP requires a detailed understanding and knowledge of the anatomy, pathology and physiology of the hepatobiliary and pancreatic systems, and their imaging. This knowledge is generally acquired in the context of a multidisciplinary hepatobiliary-pancreatic academic fellowship training program. ERCP requires significant focused training and experience to maximize success and safety (11, 37) . A study (22) among surgery fellows found that an average of seven months of training in ERCP was required to reach the desired success level (85% cannulation rate). However, success rates may be markedly lower than this in practice (13) and it has been proposed, on more than one occasion, that ERCP training be limited to a cadre of gastroenterology trainees (15, 38) .
The acquisition of the technical skills necessary for ERCP by Canadian gastroenterology trainees generally occurs in the context of an advanced endoscopy training program, lasting one or two years after completion of the mandatory two-year subspecialty program. The time and resources needed to impart and acquire the necessary hand-eye coordination skills has led to the development of a variety of training simulators (39) . Several teaching models are now available for ERCP, including live, anesthetized porcine models and, more recently, harvested porcine organ preparations and computer-based endoscopy simulators (39) (40) (41) (42) . A study (41) compared the performance of three ERCP training models (computer simulator, harvested porcine organ, live anesthetized pig) among 20 endoscopists. The harvested porcine organ model scored highest for realism, usefulness and performance, while the computer simulator scored lowest for realism. It has been suggested that models may accelerate training, but that computer simulators are only suitable for the initial steps of training (39, 40) .
Changes in the indications for ERCP, the increased availability of alternative diagnostic modalities such as EUS and MRCP, and recognition of the need to document competence for graduates of training programs will have major implications for the future of ERCP training programs (15, (43) (44) (45) . It is probable that decreasing numbers and increasing complexity of procedures performed in clinical practice, allied with the need for more prolonged, intensive, closely supervised training programs (10), will lead to a reduction in the number of training programs and an increase in the requirements for those participating, both as trainers and as trainees.
MAINTENANCE OF COMPETENCE
Unfortunately, attainment of competence does not guarantee a continued ability to perform an advanced procedure such as ERCP, both safely and effectively. Case volume is an independent predictor of ERCP-related complications (30, (46) (47) (48) and outcomes (24) . Complications are more likely for endoscopists performing less than 40 to 50 ERCP procedures annually and for centres performing less than 200 ERCP procedures annually. Again, as for training, an accurate assessment of competence would be better achieved by the use of a personal report card to document, for example, deep biliary cannulation and complication rates (12,17,18,49 ).
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SUMMARY
Technical competence for ERCP can be assessed after 200 procedures; however, completion of a specified number of procedures does not imply competence, and target success rates may not be achieved until trainees have completed 350 to 400 procedures (12, 13) . It is recommended that the documentation of competence should be based on the completion of at least 200 unassisted procedures, and that this should include at least 80 supervised, independently performed sphincterotomies and the placement of at least 60 biliary stents or nasobiliary drains (9) (10) (11) . Competence in performing ERCP should include the documented ability to cannulate the targeted duct in at least 85% of cases and, when appropriate, to clear the bile duct (by sphincterotomy or balloon/basket stone extraction) or place a biliary drainage device in at least 85% of cases (6, 16, 26) .
Complication rates should be comparable with those reported in the literature; that is, an overall morbidity rate that is under 10% for all patients and an ERCP-related mortality rate that is less than 1% for all patients (5, 6, 24, (30) (31) (32) (33) (34) . Data on success (24) and complication (14, 30, 33, 34) rates suggest that to maintain their skills in ERCP, endoscopists should perform an average of one or more procedures per week.
Nontechnical components of competence (knowledge of expected pathology, judgment regarding biopsy and therapy, knowledge of alternative management options, indications for and contraindications to ERCP, informed consent, immediate postprocedural management) require a training program that generally involves a minimum of 12 months (13, 15, 22) . Although endoscopic simulators may shorten the early phase of technical training, it is not clear how the rapid acquisition of apparent competence using a simulator translates into actual ERCP performance in clinical practice.
Institutions that grant privileges for ERCP should be encouraged to develop endoscopic reporting mechanisms and databases so that endoscopists may explicitly monitor the quality of their practice and effect improvements if they identify deficiencies, thus maintaining procedural competence and optimizing clinical care over the long term (17) . This is particularly important for ERCP, which is one of the most challenging endoscopic procedures, with the potential for significant morbidity and mortality. Current endoscopic practices
